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BLOOD TREATMENT APPARATUS

BACKGROUND OF THE INVENTION

[0001] Theinventionrelatesto ablood treatment apparatus,
and particularly to a blood treatment apparatus provided with
a device for on-line preparation of a treatment liquid.

[0002] Specifically, though not exclusively the invention
can be usefully applied in a dialysis machine provided with a
device for preparing on-line a dialysis liquid from water and
concentrates.

[0003] As is well known, air bubbles in the dialysis liquid
render inoperative the semipermeable membrane of the dia-
lyzer. Therefore a dialysis machine normally includes a
device for removing gas and minimizing gas in the dialysis
liquid. For example, one type of gas removal system, as
shown in U.S. Pat. No. 3,738,382, includes a heater for heat-
ing the water to a high temperature and a debubbling chamber
for removing gas from the heated water at atmospheric pres-
sure. This system does not effectively degass the water and
the heating of the water causes dissolved minerals to precipi-
tate and clog passageways within the dialysis machine. A
second type of gas removal system is shown in U.S. Pat. No.
3,528,550. In this system water is fed to a degassing chamber
which is maintained at a pressure below atmospheric pressure
by a Venturi through which dialysis solution flows. Thus the
pressure in the degassing chamber is directly related to the
dialysis solution flow rate through the Venturi. The Venturi
only applies a moderately negative pressure to the degassing
tank and thus does not effectively degass the water. In the
degassing system shown in U.S. Pat. No. 3,528,550, the
degassing chamber pressure may vary with dialysis solution
flow rate, which, in turn, may vary with dialysis conditions,
such as patient size, etc. Variations in degassing chamber
pressure may affect gas removal. During dialysis it is desir-
able to control the dialysis solution pressure in the dialyzer.
However, changes in the dialysis solution flow rate through
the dialyzer cause the dialysis solution pressure to vary.
[0004] U.S. Pat. No. 4,348,280 provides a degassing sys-
tem which functions independently of the dialysis solution
flow rates and further provides means for controlling the
dialysis solution pressure in the dialyzer as the dialysis solu-
tion flow rate changes. In the degassing system proposed by
U.S. Pat. No. 4,348,280 water at normal body temperature is
fed to a degassing tank that is continuously subjected to a
controllable high negative pressure. The pressure is provided
by two pumps, one of which draws gas from the tank and
another of which draws degassed water from the tank. The
degassing tank pressure is thus independent of the dialysis
solution flow rate. The dialysis solution pressure and flow rate
at the dialyzer are controlled by a pair of flow restrictions
which are positioned one upstream and the other downstream
of the dialyzer. This permits accurate control of the dialysis
solution flow rate and pressure within the dialyzer.

[0005] U.S. Pat. No. 4,153,554 discloses an apparatus for
delivering a dialysate solution to an artificial kidney. The
apparatus prepares the solution by mixing water with a con-
centrated solution in a predefined ratio. The water enters a
heater and then flows into a float tank which is filled with a
controlled volume of water by means of a float-controlled
valve. Air bubbles are removed from the tank by means of a
vacuum pump, which creates a partial vacuum on the float
tank and passes air out of a vent. The water is then drawn from
the float tank by a supply pump and boosted back to about +5
psig pressure which is maintained by a pressure regulator

Apr. 29,2010

arranged downstream to the supply pump. A deaerator
removes additional air from the water by passing the water
over a vertical baffle near an upper air space which is in
communication with the top of the float tank by means of a
line having a restriction which is adapted to maintain the 5
psig pressure in the deaerator and thus in the water as it leaves
the deaerator. Since the supply pump has a constant pressure
of about 5 psig to work against, it is possible to maintain a
steady flow of dialysate out to an artificial kidney.

[0006] The hemodialysis apparatus of U.S. Pat. No. 4,828,
693 comprises means for removing air entrapped in the
incoming water from the water stream prior to a proportion-
ing pump. The air is removed in a deaeration loop utilizing a
deaerator having a float valve and air outlet. The incoming
water is fed to a deaerator pressure regulator having an outlet
to the deaerator. The deaerator outlet is connected to a pump,
thence back to the pressure regulator completing the deaera-
tion loop. The pump creates a negative pressure in the deaera-
tor pressure regulator, drawing the incoming water into the
deaerator at which point the entrapped air in the water escapes
via the float valve and air outlet at a lower negative pressure.
The deaeration pressure regulator controls the negative pres-
sure to a selected value, for example —23 inches of mercury.
The incoming water to the deaeration pressure regulator is
generally controlled by a first pressure regulator to 12 psig.
The outlet water from the deaeration pressure regulator is
supplied to the proportioning pump. U.S. Pat. No. 4,828,693
adds a second regulator, termed a back pressure regulator, to
receive water from the deaeration pump and to control the
pressure of that water to a value higher than 12 psig; for
example, 15 psig. The output from the backpressure regulator
then supplies the water to the dialysate-proportioning pump.
Thus, the pressure of the water to the proportioning pump is
independent of the incoming water pressure since the deaera-
tor loop serves as a constant volume source of water to the
pump and the pump is independent of the incoming water
pressure and flow.

[0007] U.S. Pat. No. 4,229,299 describes a dialysate pro-
portioning system provided with deaeration means for
removing soluble gases from the heated water prior to pas-
sage thereof to the proportioning means. Water containing
desolubilized gases is passed from a heater to a first vented
tank. Partially deaerated water is removed from the first tank
through a conduit into a second vented tank. The conduit has
an adjustable flow restrictor which depressurizes the liquid so
as to release additional soluble gases therefrom. A pressure
sensor is arranged downstream from the restrictor to permit
any necessary adjustment of flow restrictor in order to main-
tain a predetermined pressure level. A vacuum pump is
arranged on the conduit downstream from the pressure sen-
sor. In order to enhance removal of soluble gases, a recircu-
lation conduit joins the first tank with the second tank for
recirculation of a portion of the finally deaerated water from
the second tank to the first tank.

[0008] U.S. Pat.No. 5,762,782 describes a water treatment
process for use in a dialysate preparation machine wherein
warm water is passed through a water pressure regulator past
a manually operated valve. The pressure regulator supplies
water to the dialysate preparation unit at a substantially con-
stant pressure. The water then passes through a chamber
loaded with a carbon filtration agent which removes organic
material and dissolved gases from the water.

[0009] WO 00/57935 describes an apparatus for the prepa-
ration of peritoneal dialysis fluid wherein preheated water
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passes through a series of components which remove dis-
solved gas from the water. These components are a propor-
tioning valve, a degassing restrictor, an expansion chamber, a
degassing pump and a degassing chamber. In operation, water
from the degassing chamber is recirculated via the propor-
tioning valve through the degassing restrictor by the degas-
sing pump. The pressure drop in the water due to the degas-
sing restrictor causes dissolved gas in the water to be forced
out of solution and begin to form bubbles in the water. The
pressure drop due to the degassing restrictor is a function of
the flow rate there-through, which is maintained constant by
recirculation from the degassing chamber, at a flow rate set by
the degassing pump.

[0010] Thepriorartincludes also AK 100/200/95® dialysis
machines (produced by Gambro®) each of which comprises
a blood treatment apparatus as in the preamble of claim 1.

SUMMARY OF THE INVENTION

[0011] A main aim of the present invention is to effectively
remove gas bubbles, especially air bubbles, from the entire
circulatory system of a blood treatment apparatus thereby to
increase the efficiency of the treatment (e.g. dialyzing) opera-
tion.

[0012] An advantage of the invention is to provide an eco-
nomical and efficient degassing system for use in a blood
treatment apparatus.

[0013] A further advantage of the invention is to provide a
pump-type degassing system for use in a blood treatment
apparatus in which degasification is effectively and efficiently
achieved also when the performances of the degassing pump
are reduced.

[0014] A further advantage is to enable a desired concen-
tration of gas (neither too high nor too low) in the treatment
liquid to be accurately and reliably regulated.

[0015] A further advantage is to provide a device for prepa-
ration of a treatment liquid provided with a pressure reducer
arranged at the inlet of the hydraulic circuit in which there is
no need to calibrate the pressure reducer when the device is
installed at different altitudes.

[0016] Another advantage of the invention is that it pro-
vides a device for removing gases, which will enable a high
separation rate to be attained with a compact and simple type
of construction.

[0017] A further advantage of this invention is that it pro-
vides a pump-type degassing system for use in a blood treat-
ment apparatus which is flexible in that it is adaptable for use
under varying conditions and in which the relationship
between degassing and other conditions (altitude, dialysis
liquid flow rate, dialyzing liquid pressure, pump perfor-
mances, etc.) will not undesirably change during operation.
[0018] A further advantage of the invention consists in the
fact that the efficiency of the degassing pump can be maxi-
mized by appropriately selecting the degassing pressure set
point.

[0019] Theseaims and advantages and more besides, which
will better emerge from the description that follows, are
attained by a blood treatment apparatus according to one or
more of the accompanying claims.

[0020] Further characteristics and advantages of the
present invention will better emerge from the detailed
description that follows, of at least a preferred embodiment of
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the invention, illustrated by way of non-limiting example in
the accompanying figures of the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The description will follow herein below, with ref-
erence to the figures of the drawings, provided as a non-
limiting example and in which:

[0022] FIG. 1 is a schematic diagram of a blood treatment
apparatus according to a first embodiment of the present
invention;

[0023] FIG. 2 is a schematic diagram of a blood treatment
apparatus according to a second embodiment of the present
invention.

DETAILED DESCRIPTION

[0024] With reference to the above-cited FIG. 1 of the
drawings, 1 denotes in its entirety a blood treatment appara-
tus, particularly a hemodialysis or hemo(dia)filtration appa-
ratus.

[0025] The blood treatment apparatus 1 comprises a blood
treatment unit (hemodialyser or hemo(dia)filter) 2 having a
fluid chamber 3, a blood chamber 4, and a semipermeable
membrane 5 separating the fluid chamber 3 from the blood
chamber 4.

[0026] An extracorporeal blood circuit connects a patient
vascular access 6 with the blood chamber 4. The extracorpo-
real blood circuit comprises an arterial line 7 for transporting
the blood to be treated from the vascular access 6 to an inlet of
the blood compartment 4, and a venous line 8 for returning the
treated blood to the vascular access 6. The extracorporeal
blood circuit can be any extracorporeal blood circuit used
during a blood treatment in the prior art.

[0027] The blood treatment apparatus 1 comprises a treat-
ment fluid supply line 9 comprising a water inlet connected to
awater source 10, and a treatment fluid outlet connected to the
fluid chamber 3 (hemodialysis treatment) and/or to the extra-
corporeal blood circuit (hemodiafiltration/hemofiltration
treatment), in particular to the arterial line 7 and/or to the
venous line 8 (pre- and/or post-dilution).

[0028] Theblood treatment apparatus 1 comprises a prepa-
ration device 11 connected to the treatment fluid supply line 9
to prepare the treatment fluid from water and concentrates. In
this specific case the treatment fluid is a dialysis fluid (dialy-
sate) which can be used to form a substitution fluid for hemo
(dia)filtration treatments.

[0029] The blood treatment apparatus 1 further comprises a
degassing line 12 having an inlet 13 for receiving gas-con-
taining fluid coming from the water inlet, and an outlet 14 for
supplying degassed fluid to the treatment fluid outlet. In the
present embodiment the treatment fluid supply line 9 has a
first junction point, which in this specific case coincides with
the inlet 13 of the degassing line 12 and from which the
degassing line 12 branches off, and a second junction point,
which in this specific case coincides with the outlet 14 of the
degassing line 12 and into which the degassing line 12 flows
into. In the present embodiment the preparation device 11 is
located between the water inlet and the gas-containing fluid
inlet 13; in another embodiment (not illustrated) the prepara-
tion device 11 is located between the degassed fluid outlet 14
and the treatment fluid outlet.

[0030] A degassing unit 15 is operatively connected to the
degassing line 12. the degassing unit 15 comprises a gas
separator 16 for separating the gas in the gas-containing fluid
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flowing in the degassing line 12, a flow restrictor 17 for
reducing the pressure of the fluid flowing in the degassing line
12, a degassing pump 18 for circulating the fluid in the degas-
sing line 12, a pressure sensor 19 for emitting a pressure
signal indicative of the pressure in the degassing line 12, and
a control unit 20 designed to control the speed of the degas-
sing pump 18 on the basis of the pressure signal emitted by the
pressure sensor 19.

[0031] In the present embodiment the gas separator 16
comprises a gas separation chamber. The signal used by the
control unit 20 to control the degassing pump 18 is one that
indicates the absolute pressure in the degassing line 12. In the
present embodiment the pressure sensor 19 is an absolute
pressure sensor designed to emit an absolute pressure signal.
The degassing pump 18 has a delivering outlet connected to a
fluid inlet of the gas separator 16. The degassing pump 18 is
located in the degassing line 12 between the restrictor 17 and
the gas separator 16. The degassing pump 18 is located in the
degassing line 12 between the pressure sensor 19 and the gas
separator 16. The pressure sensor 19 is located in the degas-
sing line 12 between the restrictor 17 and the gas separator 16.
The pressure sensor 19 is located in the degassing line 12
between the restrictor 17 and the degassing pump 18. In this
specific case the degassing pump 18 is a positive displace-
ment pump (e.g. a gear pump).

[0032] Theblood treatment apparatus 1 further comprises a
discharge line 21 connecting the fluid chamber 3 with a drain.
The gas separator 16 comprises a gas outlet connected
through a vent line 22 to the discharge line 21. The vent line
22 is provided with a closing valve 23 controlled by the
control unit 20.

[0033] A one-way valve 24 is arranged in the treatment
fluid supply line 9 between the first junction point (inlet 13)
and the second junction point (outlet 14) so as to block the
flow from the inlet 13 to the outlet 14.

[0034] During operation the dialysate flow rate in the
degassing line 12 should be higher than (e.g. twice as high as)
the flow rate in the treatment fluid supply line 9. The fluid (in
this case dialysate) which enters the inlet 13 contains air
bubbles and dissolved air. To reduce air in the fluid, the fluid
is forced to pass through the deaeration restrictor 17. The
speed of the pump 18 is controlled from the pressure, in
particular the absolute pressure, in the degassing line 12. In
this specific case the pump speed is controlled in a closed loop
on the basis of the pressure signal emitted by the pressure
sensor 19. In particular the degassing pump 18 controls the
pressure in the degassing line 12 at a constant absolute pres-
sure (e.g. 100 mmHg) set to achieve a desired degassing
effect, particularly a desired percentage of gas in the treat-
ment fluid. In this way the desired amount of gas in the
treatment fluid is always achieved under varying conditions
(decrease in efficiency of the degassing pump 18, narrowing
of the restrictor 17, difference in altitude, etc.).

[0035] The removed air is collected in the gas separator
(chamber) 16 and periodically vented to the drain. In this case
the liquid level in the separation chamber is monitored by a
level sensor (not shown). When the level sensor detects air in
the chamber, the valve 23 is opened to vent the accumulated
air. The valve 23 is closed when the level sensor detects liquid
again.

[0036] We will refer now to FIG. 2 which shows a second
embodiment according to the invention. The numbering of
FIG. 1 has been maintained also in FIG. 2 for analogous
elements.
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[0037] The blood treatment apparatus (hemodialysis or
hemo(dia)filtration apparatus) of FIG. 2 comprises a blood
treatment unit (hemodialyser or hemo(dia)filter) 2 having a
fluid chamber 3, a blood chamber 4, and a semipermeable
membrane 5 separating the fluid chamber 3 from the blood
chamber 4.

[0038] An extracorporeal blood circuit connects a patient
vascular access (not shown) with the blood chamber 4. The
extracorporeal blood circuit comprises an arterial line 7 and a
venous line 8.

[0039] The blood treatment apparatus 1 comprises a treat-
ment fluid supply line 9 having a water inlet connected to a
water source 10, and a treatment fluid outlet connected to the
fluid chamber 3 (hemodialysis treatment) and/or to the arte-
rial line 7 and/or to the venous line 8 (hemodiafiltration/
hemofiltration treatment with pre- and/or post-dilution).

[0040] Theblood treatment apparatus 1 comprises a prepa-
ration device 11 connected to the treatment fluid supply line 9
to prepare the treatment fluid from water and concentrates. In
this specific case the treatment fluid is a dialysis fluid (dialy-
sate) which can be used to form a substitution fluid for hemo
(dia)filtration treatments. The treatment fluid preparation
device 11 can comprise a central delivery system connected to
the blood treatment apparatus 1, or a device for preparing a
fluid from water and concentrates.

[0041] Theblood treatment apparatus 1 further comprises a
degassing line 12 having an inlet 13 to receive gas-containing
fluid coming from the water inlet, and an outlet 14 for sup-
plying degassed fluid to the treatment fluid outlet. In this
specific case the treatment fluid supply line 12 has a first
junction point, which in this specific case coincides with the
inlet 13 of the degassing line 12 and from which the degassing
line 12 branches off, and a second junction point, which in
this specific case coincides with the outlet 14 of the degassing
line 12 and into which the degassing line 12 flows. In this
specific case the preparation device 11 is located between the
degassed fluid outlet 14 and the treatment fluid outlet.

[0042] A degassing unit 15 is operatively connected to the
degassing line 12. The degassing unit 15 comprises a gas
separator 16 for separating the gas in the gas-containing fluid
flowing in the degassing line 12, a flow restrictor 17 for
reducing the pressure of the fluid flowing in the degassing line
12, a degassing pump 18 for circulating the fluid in the degas-
sing line 12, a pressure sensor 19 for emitting a pressure
signal indicative of the pressure in the degassing line 12, and
a control unit 20 designed to control the speed of the degas-
sing pump 18 on the basis of the pressure signal emitted by the
pressure sensor 19.

[0043] In the present embodiment the gas separator 16
comprises a gas separation chamber. The signal used by the
control unit 20 to control the degassing pump 18 is a signal
indicative of the absolute pressure in the degassing line 12. In
this specific case the pressure sensor 19 is an absolute pres-
sure sensor designed to emit an absolute pressure signal. The
degassing pump 18 has a delivering outlet connected to a fluid
inlet of the gas separator 16. The degassing pump 18 is
located in the degassing line 12 between the restrictor 17 and
the gas separator 16. The degassing pump 18 is located in the
degassing line 12 between the pressure sensor 19 and the gas
separator 16. The pressure sensor 19 is located in the degas-
sing line 12 between the restrictor 17 and the gas separator 16.
The pressure sensor 19 is located in the degassing line 12
between the restrictor 17 and the degassing pump 18. In the
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present embodiment the degassing pump 18 is a positive
displacement pump (e.g. a gear pump).

[0044] The blood treatment apparatus 1 further comprises a
discharge line 21 connecting the fluid chamber 3 with a drain.
The gas separator 16 comprises a gas outlet connected
through a vent line 22 to the drain. The vent line 22 can be
connected to the discharge line 21. The vent line 22 is pro-
vided with a closing valve 23 controlled by the control unit
20.

[0045] A one-way valve 24 is arranged in the treatment
fluid supply line 9 between the first junction point (inlet 13)
and the second junction point (outlet 14) so as to block the
flow from the inlet 13 to the outlet 14.

[0046] Theapparatus of FIG. 2 further comprises a pressure
reductor 25 arranged immediately after the water inlet to
control the pressure by restricting the fluid passage. A nor-
mally closed inlet valve 26 is located downstream the pres-
sure reductor 25. The apparatus of FIG. 2 comprises a first
ultrafilter 27 designed to retain bacteria or endotoxin. The
first ultrafilter has a first chamber (retentate chamber) sepa-
rated from a second chamber (permeate chamber) by a semi-
permeable membrane. A flushing line 28 connects an outlet of
the first chamber of the first ultrafilter with the drain. An
orifice 29 is arranged in the flushing line 28 to limit the flow
rate of fluid flushed through the first chamber and the flushing
line 28 and then into the drain. A check valve 30 prevents a
back-flow coming from the drain polluting the first ultrafilter
27.

[0047] A heater 31 is arranged in the degassing line 12
upstream the restrictor 17 to heat the incoming fluid. A tem-
perature sensor 32 measures the temperature of the fluid in the
degassing line 12 (downstream of the heater 31). The control
unit 20 controls the heater 31 to ensure that the temperature
measured by the sensor 32 is within a desired range. A flow
switch 33 is arranged in the degassing line 12. The control
unit 20 recognizes an alarm situation (and disconnects the
power from the heater 31, for example) when the flow rate
through the flow switch 33 is lower than a predetermined
value. In another embodiment (not shown) the heater 31 is
located downstream of the restrictor 17, e.g. between the
restrictor 17 and the degassing pump 18, or between the
restrictor 17 and the pressure sensor 19.

[0048] A restrictor bypass valve 34 is arranged in a bypass
line connected to the degassing line 12, for bypassing the
restrictor 17. The restrictor bypass valve 34, which is nor-
mally closed, is opened during a heat disinfection proce-
dure—which serves to disinfect the hydraulic circuit of the
blood treatment apparatus—and is closed during a blood
treatment procedure. When the restrictor bypass valve 34 is
opened during a heat disinfection procedure, the degassing
restrictor 17 is bypassed in order to prevent the heated liquid
(water) from boiling.

[0049] A pressure regulator 35 is arranged in the treatment
fluid supply line 9 between the degassing line 12 and a supply
pump 36 circulating a fluid in the treatment fluid supply line
9. The pressure regulator 35 is arranged downstream of the
degassing line 12. The pressure regulator 35 is set to maintain
a desired pressure in the concentrate sources 37a and 375.
When the concentrate sources comprise cartridges of dry
concentrates a moderate overpressure inside the cartridges
can be desirable. The pressure regulator 35 avoids a too-low
pressure causing the formation of gas bubbles upstream of the
supply pump 36. Moreover the pressure regulator 35 prevents
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or reduces pressure spikes coming from the gas separator 16
(gas separation chamber or bubble trap) during the above-
described gas evacuation.

[0050] The treatment fluid (dialysate) preparation device
11 comprises at least two injection lines each operatively
associated to a concentrate source 374 and 375 (liquid or solid
concentrates), to a dosing pump 38« and 385, and to a con-
ductivity sensor 39a and 395 controlling a respective dosing
pump to a set conductivity value. The injection lines are
supplied with a solvent (e.g. water) from a line branching off
from the treatment fluid supply line 9.

[0051] The apparatus of FIG. 2 comprises a second ultra-
filter 40 designed to retain bacteria or endotoxin. The second
ultrafilter 40 has a first chamber (retentate chamber) sepa-
rated from a second chamber (permeate chamber) by a semi-
permeable membrane. A flushing line 41 connects an outlet of
the first chamber of the second ultrafilter 40 with the dis-
charge line 21. The flushing line 41 is provided with a flushing
valve 42 which is periodically (or under predetermined con-
ditions) opened to tangentially flush the second ultrafilter 40.
[0052] A first bypass line 43 is arranged upstream of the
second ultrafilter 40 to connect the supply line 9 with the
discharge line 21. The first bypass line 43 is provided with a
first bypass valve 44. A second bypass line 45 is arranged
downstream of the second ultrafilter 40 to connect the supply
line 9 with the discharge line 21. The second bypass line 45 is
provided with a second bypass valve 46. A closing valve 47 is
arranged in the discharge line 21 before the second bypass
line 45. A discharge pump 48 is arranged downstream of the
flushing line 41. The discharge pump 48 is arranged down-
stream of the first and second bypass lines 43 and 45. The
discharge pump 48 circulates the fluid towards the drain. A
fluid balance system controls the discharge pump 48 (and the
supply pump 36) to regulate the weight loss of a patient
undergoing a blood treatment. In this specific case the fluid
balance system comprises an upstream flowmeter 49
arranged before the blood treatment unit 2 in the supply line
9, and a downstream flowmeter 50 arranged after the blood
treatment unit 2 in the discharge line 21.

[0053] The control unit 20 is designed to control the degas-
sing pump 18 (during the treatment) at a flow rate which is
greater than that of the treatment fluid supply pump 36. Dur-
ing the treatment the valve 34 is closed and the fluid (water) is
passed through the degassing restrictor 17. The degassing
system of the FIG. 2 apparatus operates as above described in
order to reduce gas in the fluid.

[0054] The control unit 20 is designed to control the degas-
sing pump 18 at a predetermined degassing pressure set point.
[0055] The degassing pressure can be set as low as possible
in order to maximize the degassing performance, i.e. the
removal of oxygen. However, there are some limitations as to
how low the degassing pressure can be set. For example, a
too-low degassing pressure may result in cavitation in the
pump causing increased wear and/or a loss of pump effi-
ciency.

[0056] The selection of the degassing set point may be a
trade-off between degassing performance and other require-
ments such as, e.g., pump life, cost and power consumption.
[0057] In a further embodiment (not shown) a blood treat-
ment apparatus differs from the apparatus of FIG. 1 (or FIG.
2) only in that the pressure signal that indicates the absolute
pressure in the degassing line 12 may be supplied by process-
ing two pressure signals emitted by a first relative pressure
sensor arranged in the degassing line 12 (at the same location
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of the absolute pressure sensor 19) and a second pressure
sensor indicating the atmospheric pressure. A calculation unit
may calculate an absolute pressure value from said two pres-
sure signals, e.g. as a difference between the pressure values
indicated by the two pressure signals. The control unit 20 may
include the calculation unit.

[0058] In a further embodiment (not shown) a blood treat-
ment apparatus differs from the apparatus of FIG. 1 (or FIG.
2) only in that the degassing line forms a tract (initial, inter-
mediate, or final tract) of the treatment fluid supply line
without forming a loop between two junction points thereof.
In this embodiment the degassing line and the treatment fluid
supply line form a continuous fluid line, whereby the flow rate
of'the degassing line is equal to the flow rate of the treatment
fluid supply line and the supply pump of the treatment fluid
supply line may act as degassing pump of the degassing line.

LEGEND
[0059] 1 Blood treatment apparatus
[0060] 2 Blood treatment unit
[0061] 3 Fluid chamber
[0062] 4 Blood chamber
[0063] 5 Semipermeable membrane
[0064] 6 Patient vascular access
[0065] 7 Arterial line
[0066] 8 Venous line
[0067] 9 Treatment fluid supply line
[0068] 10 Water source
[0069] 11 Treatment fluid preparation device
[0070] 12 Degassing line
[0071] 13 Inlet of degassing line
[0072] 14 Outlet of degassing line
[0073] 15 Degassing unit
[0074] 16 Gas separator
[0075] 17 Flow restrictor
[0076] 18 Degassing pump
[0077] 19 Pressure sensor
[0078] 20 Control unit
[0079] 21 Discharge line
[0080] 22 Vent line
[0081] 23 Closing valve
[0082] 24 One-way valve
[0083] 25 Pressure reductor
[0084] 26 Inlet valve
[0085] 27 First ultrafilter
[0086] 28 Flushing line
[0087] 29 Orifice
[0088] 30 Check valve
[0089] 31 Heater
[0090] 32 Temperature sensor
[0091] 33 Flow switch
[0092] 34 Restrictor bypass valve
[0093] 35 Pressure regulator
[0094] 36 Supply pump
[0095] 37 Concentrate sources (37a, 37b)
[0096] 38 Dosing pumps (38a, 385)
[0097] 39 Conductivity sensors (394, 395)
[0098] 40 Second ultrafilter
[0099] 41 Flushing line
[0100] 42 Flushing valve
[0101] 43 First bypass line
[0102] 44 First bypass valve
[0103] 45 Second bypass line
[0104] 46 Second bypass valve
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[0105] 47 Closing valve

[0106] 48 Discharge pump

[0107] 49 Upstream flowmeter
[0108] 50 Downstream flowmeter

1-24. (canceled)

25. A blood treatment apparatus comprising:

a blood treatment unit having a fluid chamber, a blood
chamber, and a semipermeable membrane separating
the fluid chamber from the blood chamber;

an extracorporeal blood circuit connecting a patient vascu-
lar access with said blood chamber;

a treatment fluid supply line comprising a gas-containing
fluid inlet connected to a gas-containing fluid source,
and a treatment fluid outlet connected to said fluid cham-
ber and/or to said extracorporeal blood circuit;

a degassing line having a degassing line inlet for receiving
gas-containing fluid coming from said gas-containing
fluid inlet, and a degassing line outlet for supplying
degassed fluid to said treatment fluid outlet;

a degassing unit operatively connected to said degassing
line, said degassing unit comprising:

a degassing pump for flowing the fluid in said degassing
line from said degassing line inlet to said degassing
line outlet,

a gas separator for separating the gas in the gas-contain-
ing fluid flowing in said degassing line, and

a flow restrictor for reducing the pressure of the fluid
flowing in said degassing line,

wherein said apparatus further comprises:
an absolute pressure sensor means for emitting an abso-

lute pressure signal indicative of an absolute pressure
in said degassing line, and

a control unit programmed to control the speed of said
degassing pump from said absolute pressure signal.

26. The apparatus of claim 25, wherein said absolute pres-
sure sensor means comprises an absolute pressure sensor.

27. The apparatus of claim 25, comprising a discharge line
connecting the fluid chamber with a drain.

28. The apparatus of claim 27, wherein the gas separator
comprises a gas outlet connected through a vent line to the
discharge line.

29. The apparatus of claim 25, wherein the degassing pump
has a delivering outlet connected to a fluid inlet of the gas
separator.

30. The apparatus of claim 25, comprising a heater located
in the degassing line for heating the fluid flowing in the
degassing line.

31. The apparatus of claim 30, wherein said flow restrictor
is located in the degassing line between the heater and the gas
separator or the degassing pump.

32. The apparatus of claim 30, wherein said heater is
located in the degassing line between said flow restrictor and
said degassing pump or said absolute pressure sensor means.

33. The apparatus of claim 30, wherein said heater is
located in the degassing line downstream of said flow restric-
tor.

34. The apparatus of claim 30, wherein said heater is
located in the degassing line downstream of said absolute
pressure sensor means.

35. The apparatus of claim 25, wherein the degassing pump
is located in the degassing line between the flow restrictor and
the gas separator.
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36. The apparatus of claim 25, wherein the degassing pump
is located in the degassing line between the absolute pressure
sensor means and the gas separator.

37. The apparatus of claim 25, wherein the absolute pres-
sure sensor means are located in the degassing line between
the flow restrictor and the gas separator.

38. The apparatus of claim 25, wherein the absolute pres-
sure sensor means are located in the degassing line between
the flow restrictor and the degassing pump.

39. The apparatus of claim 25, wherein the absolute pres-
sure sensor means are located in the degassing line down-
stream of the flow restrictor.

40. The apparatus of claim 25, further comprising a treat-
ment fluid preparation device connected to said treatment
fluid supply line to prepare the treatment fluid from water and
concentrates.

41. The apparatus of claim 40, wherein the treatment fluid
preparation device is located between said degassing line
outlet and said treatment fluid outlet.

42. The apparatus of claim 25, wherein the treatment fluid
supply line has a first junction point and a second junction
point, the degassing line forming a loop between the first
junction point and the second junction point.
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43. The apparatus of claim 42, wherein a one-way valve is
arranged in the treatment fluid supply line between said first
junction point and said second junction point.

44. The apparatus of claim 25, comprising a treatment fluid
supply pump for displacing fluid through the treatment sup-
ply line.

45. The apparatus of claim 44, wherein said treatment fluid
supply pump is arranged in said treatment supply line.

46. The apparatus of claim 44, wherein said control unit is
programmed to control said treatment fluid supply pump to
flow fluid through the treatment supply line at a first flow rate
and to control said degassing pump to flow fluid through the
degassing line at a second flow rate, said first flow rate being
lower than said second flow rate.

47. The apparatus of claim 25, wherein said gas separator
comprises a gas separation chamber.

48. The apparatus of claim 25, wherein said absolute pres-
sure sensor means comprises a first pressure sensor for emit-
ting a first pressure signal indicative of a relative pressure in
said degassing line, a second pressure sensor for emitting a
second pressure signal indicative of the atmospheric pressure,
and a calculation unit programmed to calculate an absolute
pressure value from said first and second pressure signals.
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